The macrophage activation and immunostimulating effects of the slime of Sphaerotilus natans IAM 12068, which is an aquatic sheathed bacterium, and GF-P-1, which was isolated from the slime fraction by Sepharose 4B gel filtration and has antitumor activity against Ehrlich ascites tumor in mice, were investigated. C57BL/6 mice peritoneal exudate macrophage induced by GF-P-1, which exhibited more effective antitumor activity than slime fraction, had the strongest cytostatic activity against EL-4 leukemic cells in vitro. Addition of GF-P-1 to mouse peritoneal macrophages in vitro caused marked spreading morphology, but the slime fraction did not. Acid phosphatase activity in the peritoneal cells induced by slime and GF-P-1 was also augmented as compared with that of resident macrophages. S. natans fractions, as well as Salmonella typhimurium lipopolysaccharide, were able to induce the mitogenic response in cultured spleen cells of C57BL/6 mice. Since spleen cells pretreated with rabbit anti-mouse thymocyte antiserum showed an unaffected mitogenic response to slime, the slime may be aB-lymphocyte mitogen. When slime fraction and GF-P-1 were injected intraperitoneally into ddY mice, they exhibited an enhancing effect on antibody response in vivo. These results indicate that slime and GF-P-1 are able to activate macrophages and exhibit immunostimulating effects.
Sphaerotilus natans, which is a gram-negative, aquatic sheathed bacterium, belongs to the order Chlamydobacteriales.1) The organisms of the group are characterized by the presence of slime on the surface of the sheath.
We previously reported that slime fraction of S. natans has antitumor activity against Ehrlich carcinoma cells in mice.2) Furthermore, two fractions designated as GF-P-1 and GF-P-2, which are mainly composed of protein, carbohydrate, and lipid, were isolated from slime fraction by Sepharose 4B gel filtration. GF-P-1, which contains large amounts of fucose and unidentified sugar as neutral sugar, showed marked antitumor activity at half the dose of the slime fraction, whereas the antitumor activity of GF-P-2, which is composed mainly of protein, was weak.
Various microorganisms and their components are capable of suppressing tumor growth and have immunostimulating effects such as macrophage activation, mitogenic activity for lymphocytes or an adjuvant effect on antibody response. It is generally considered that such an immunostimulant effect of microorganisms plays some role in their antitumor activity. In this paper, we describe the in vitro cytostatic activity of C57BL/6 mice peritoneal macrophages induced by slime fraction and GF-P-1 against syngeneic EL-4 leukemic cells and the immunostimulating effects, such as mitogenic activity and an adjuvant effect. 
Results
In Vitro Cytostatic Activity of Peritoneal Exudate Macrophages from S. natans-Injected Mice against EL-4 Leukemic Cells In vitro cytostatic activity against EL-4 cells by peritoneal exudate macrophages was evaluated by measuring the inhibition of tumor cell DNA synthesis in terms of the incorporation of 3H-TdR. Peritoneal macrophages induced by injection of slime (0.5 mg/d) or GF-P-1 (0.2 mg/d) exhibited a marked cytostatic activity at effector-to-tumor cell (E/T) ratios of 10 and 20 (Fig. 1) .
On the other hand, peritoneal macrophages induced by whole cells (0.5 mg/d) of S. natans and resident macrophages showed no inhibitory activity at the E/T ratio of 10.
Next, the cytostatic activity of peritoneal exudate macrophages induced by GF-P-1 or GF-P-2 was compared (Fig. 2) . GF-P-1 exerted marked cytostatic activity at E/T ratios of 10 and 20, whereas GF-P-2 showed inhibition at the E/T ratio of 20, but exhibited no activity at the E/T ratio of 10.
Morphological Change of Macrophages Treated with Fractions of the Slime
We examined the morphological change of mouse peritoneal macrophages on addition of GF-P-1 or GF-P-2 in vitro. As shown in Fig. 3-b , the macrophages incubated with GF-P-1 for 40 h exhibited marked spreading, but macrophages incubated with GF-P-2 ( Fig. 3-c) and resident macrophages (Fig. 3-a) did not show any morphological change. The results suggest that GF-P-1 can cause the activation of peritoneal macrophages. GF-P-1 were almost the same. Although slime and GF-P-1 were most effective at a dose of 10 pg/ml, GF-P-2 was most effective at a dose of 100 pg/ml. The mitogenic activities of GF-P-1 Vol. 35 (1987) and GF-P-2 were more potent than that of the original slime fraction. In order to determine whether the slime fraction is a T or B-lymphocyte mitogen, Tlymphocytes in a spleen cell population were killed by ATS in the presence of complement. After the treatment with ATS, the mitogenic response of cultured cells to concanavalin A, a Tlymphocyte mitogen,6) was markedly reduced, whereas the incorporation of 3H-TdR into ATS-treated cells cultured with S. typhimurium LPS, a B-lymphocyte mitogen,8) was unaffected. The slime fraction was also capable of increasing the incorporation of 3H-TdR into ATS-treated spleen cells (Table III) .
On the other hand, 3H-TdR incorporation of thymocytes stimulated by the slime fraction was weak (data not shown). These findings suggest that the slime acts on a population of Blymphocytes.
Adjuvant Effect of S. natans Slime and Its Fraction on Antibody Response
The adjuvant effect of S. natans whole cells, slime, and its fractions on the antibody response to xenogeneic erythrocytes in ddY mice was determined (Table IV) . The whole cells of S. natans and its fraction exhibited an adjuvant effect on day 2 after immunization. Slime fraction (0.5 mg) and GF-P-1 (0.25 mg) showed stimulation index values of 6.7 and 7.6, 
